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The report by Miller et al . (1) from the Mayo Clinic in the
current issue of the Journal is one more study demonstrating
the relatively benign nature of myocardial ischernia . How-
ever, prevailing views on prognosis in coronary disease
emphasize the mortality risk associated with ischemia, and as
a result current medical practice has taken an aggressive
approach by readily referring patients to coronary angiogra-
phy to visualize the anatomic extent of disease . Over the
past decade the number of angiograms has more than dou-
bled from 410,000 procedures in 1981 to I million in 1991 .
Parallel trends in the number of procedures indicate similarly
aggressive approaches to therapy for ischemia . More than
265.OW patients underwent coronary bypass surgery in 1991
in the United States compared with 158,000 in 1981, This
increase continues despite the emergence of percutaneous
transluminal coronary angioplasty as a therapeutic option,
which has itself grown at an astonishing rate from 60,
procedures in 1986 to >300,000 procedures in 1991 (2) .
Health care costs are increasing with the understanding
that part of this increase is due to unnecessary procedures . A
recent second opinion study by Graboys et al . (3) found that
80% of patients with suspected coronary disease referred for
angiography did not require the procedure on an urgent basis
by criteria set in the study. Furthermore, the 1% annual
cardiovascular mortality rate in these patients demonstrated
that they were at low risk and therefore inappropriately
referred for catheterization and possibly also for surgical
intervention .
The basics of medicine appear to be superseded by
technology, and the reimbursement policy has favored this
trend. Yet only the medical history, physical examination
and standard exercise test have passed the test of time .
Evidence for the importance of the history and physical
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examination in the diagnostic process has reemerged . A
recent study (4) demonstrated that the history leads to the
correct diagnosis in >80% of usual patients presenting to a
general medicine clinic with an additional 10% of diagnoses
coming from the physical examination . Similarly, clinical
evaluation and simple noninvasive testing contain valuable
prognostic information that is neither fully appreciated nor
utilized .
Beginning with the pioneering studies from the Univer-
sity of Alabama (5,6), numerous studies have verified the
importance of information obtained from the history and
exercise test with often little added benefit from coronary
angiography . A careful literature search has revealed nine
studies (7-16), including our reports from the Veterans
Affairs Medical Center (15,16), that have applied multi-
variate survival analysis techniques to determine the inde-
pendent predictive value of clinical and exercise test vari-
ables (Table 1). Three found a history of congestive heart
failure, three found exercise systolic blood pressure and six
found poor exercise capacity to be independently associated
with time to cardiovascular death . Furthermore, two studies
showed that patients with coronary disease can be effec-
tively stratified as to risk of cardiovascular death by using
scores derived from clinical or exercise variables, or both,
chosen by the Cox model and their coefficients (Fig . 1) .
Counter to the current concern with ischemia, silent or
otherwise, multivariate analysis in many studies did not find
ischemia to be independently predictive of mortality . In-
creased risk of death was associated with rest ST segment
depression in only two studies and with exercise-induced ST
depression in three studies . These results are strengthened
by the elegant Mayo Clinic study, which examined the
predictive value of "severe ischemia" defined by exercise-
induced ST depression and a decrease in ejection fraction
at a low work load. Despite this stringent definition, isch-
emia failed to be predictive of increased cardiovascular
mortality. Other studies (17,18) have also corrected the
misconceptions that have led to an exaggerated concern with
silent ischemia .
The following discussion of end points will address the
variation in results between prognostic studies and present a
balanced perspective on the pathophysiol -sgy of coronary
disease. Cardiac death occurs in a spectrum between two
extremes : patients with myocardial damage who die of
congestive heart failure (or pump failure) and those with
normal ventricles in whom ischemia precipitates death .
Clinical and exercise test markers would be expected to be
quite different for patients who die at the extremes of this
spectrum . Whereas markers of myocardial damage ,L Cory
of congestive heart failure, or Q waves due to prior myocar-
dial infarction) track the former, markers of ischemia (an-
gina, ST segment depression) better predict the latter . Still
other markers, such as poor exercise capacity and exertional
hypotension, are associated with both . Further complicating
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Prognostic Seone
•
	
DUKE SCORE
(METs - 5 x [MM exercise-induced ST
I
. 4 x (treadmill angina index])
•
VAMC SCORE
(5 x ICHF and/or digoxin use] + mm exercise-induced ST I +
change in SBP score - METs)
Figure 1 . Prognostic scores derived from studies at Duke UniversAy
and the Long Beach Veterans Affairs Medics! Center (VAMC)
scores. The Duke score is based on three exercise variables :
exercise tolerance in metabolic equivalents (IME'lls), the largest
measured ST segment (ST J,) depression during exercise and a
treadmill angina pectoris score (0 for no angina during exercise, I for
typical angina and 2 for angina leading to discontinuation of exer-
cise) . The Veterans Affairs -Medical Center score incorporates heart
failure, based on congestive heart failure (CHF) or digoxin use, or
both, in addition to three exercise variables . These are exercise-
induced ST segment depression, a "change in systolic blood pres-
sure" (SBP) score (values ranging from 0 f'r an ins : :ease in blood
pressure >40 mm Hg to 5 for a decrease below the ievel of blood
pressure at rest) and exercise capacity in METs .
prediction algorithms, "damage" markers predict early
death, whereas "ischemic" markers predict death occurring
-2 years later . Differences in patient groups may favor one
or the other type of death (pump failure versus ischemiat
This may explain why ischemic variables are more predic-
tive in one patient group, and "myocardial damage" vari-
ables more predictive in another.
Enthusiasm for cardiac catheterization and revasculariza-
tion may well have led to an acceptance of invasive mea-
surements and images as superior to clinical variables for
Figure 2. The Duke nomogram estimates
prognosis from the variables of the Duke
score in five steps . 1) The observed
amount of ST segment depression is
marked on the ST segment deviation line .
2) The observed degree of angina is
marked on the line for angina, and these
two points are connected with a straight
edge. 3) The point where this line inter-
sects the ischemia reading line is noted . 4)
The observed exercise capacity in meta-
bolic equivalents (METs) is marked on the
line . 5) The mark on the ischemia reading
line is connected to the mark on the METs
line, and the estimated 5-year survival or
average annual mortality rate is read from
the point at which this line intersects the
prognosis scale . For example, even patients
with 2-mm ST depression and angina occur-
ring during the test will have an annual
cardiovascular mortality rate of <3% if their
exercise capacity is L-7 METs .
4MI
prognostication inpatients with coronary artery disease . The
importance of clinical data could also have been underesti-
mated because modern survival analysis techniques were
not available . A consequence of this trend in patient man-
agernent has been a myopic view of cardiovascular mortality
risk emphasizing ischem ia and angiographically detected
coronary artery lesions at the expense of other variables .
This has led to the overuse of interventions to correct
coronary anatomy in the hope of improving survival .
Regression equations estimating the mortality from coro-
nary artery bypass surgery based on clinical characteristics
(19) can give patients individualized estimates of surgical
mortality . The Duke treadmill prognostic score, presented as
a nomogram, similarly estimates individual risk of cardio-
vascular mortality with medical management given a set of
clinical characteristics (Fig . 2) . For instance, patients with
2-mm ST depression and angina occurring during the test
will have an annual mortality rate of <3% if their exercise
capacity is ~7 metabolic equivalents .
Conclusions . Simple clinical and exercise test scores can
be used to decide which patients with suspected coronary
disease need interventions to improve their survival ; these
scores frequently obviate the need for
cardiac
catheterization .
Patients with ischemi can be given estimates of their relative
annual mortality with medical versus surgical therapy. How-
ever, quality of life issues cannot be resolved with such scores,
and decisions regarding surgical therapy for symptomatic relief
require communication between an understanding physician
and an informed patient. As shown by Miller et al . (1),
physicians overestimate the danger of ischemia . Perhaps if
given accurate mortality estimates, they would be more con-
servative in applying interventions .
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